ABSTRACT: Empiricism in the use of nutrient solutions is frequent. Several times the same nutrient solution is used to grow different species based only on morphological similarities. This practice may lead to nutritional imbalances, affecting not only the production but also the quality of the product due to an accumulation of nitrate. An experiment under hydroponic conditions -the NFT system -was conducted with the aim of evaluating the effect of the concentration of nitrogen in the nutrient solution on the production and on the nutrient and nitrate contents of rocket (Eruca sativa) salad leaves. The experiment was carried out in spring 2003, in a randomized block design and in a 4 × 3 factorial design, with four replicates. Four nitrogen concentrations in the nutrient solution (60.8; 121.6; 182.5; 243.5 mg L -1 ) and three rocket salad cultivars (Cultivada, Folha Larga and Selvática) were evaluated. Cv. Cultivada produced the tallest plants and the highest leaf fresh fitomass, not differing from cv. 'Folha Larga' in the number of leaves, leaf nitrate content, root dry fitomass and root fresh fitomass. An increment in NO 3 -, N, Ca and P and a reduction in Mg, K and S occurred when the concentration of N in the nutrient solution was increased. Cultivation of cv. Cultivada at the concentration of 93 mg L -1 is the most recommended as it provides the highest yield and low nitrate content. Key words: Eruca sativa, Diplotaxis tenuifolia, hydroponic system, cultivar, mineral nutrition
INTRODUCTION
The hydroponic method of crop production has expanded significantly in recent years, largely due to the fact that it does not require any soil preparation and saves labor, with the possibility of increasing the number of yearly cycles (avoiding crop rotation) and added value of the product. In Brazil, the "Nutrient Film Technique" (NFT), a technique which involves a film of solution constantly flowing over the roots of the plants with the aid of a pump, is the most popular hydroponic method (Cavarianni, 2002) . Among leafy vegetables for which this method of growth has been adopted, rocket has succeeded in increasing its market share, and from 1997 to 2003, in some regions of Brazil, its sale volume rose 78% (Purquerio, 2005) . However, no studies on nutrient concentration in the nutrient solution for rocket grown hydroponically have been recorded in the Brazilian literature, which gives to current recommendations an empirical character. This condition may cause nutritional imbalances, thus affecting the development of the plant being grown (Furlani et al., 1999) .
Normally, nitrogen is the nutrient with the highest concentration in nutrient solutions for leafy vegetables. In the plant structural function, N is a constituent of amino acids, proteins, nitrogenous bases, enzymes, pigments and secondary products, also having a role in the processes of ionic absorption, photosynthesis, respiration, synthesis, cell propagation and differentiation (Malavolta et al., 1997) . Although it plays an important role in plant metabolism, an excess may lead to a reduction in the quality of the harvest for leafy vegetables in particular, as a result of the accumulation of nitrate. When ingested, nitrate is transformed into nitrite, which in association with amines may form carcinogenic compounds (Boink & Speijers, 2001) .
The aim of this study was to evaluate the effects of increasing nitrogen concentrations in the nutrient solution on rocket growth, yield, content of nutrients including nitrate.
MATERIAL AND METHODS
The experiment was conducted from September 8 through October 29, 2003, under hydroponic conditions, in Jaboticabal, SP, Brazil, (21º15' S, 48º18' W) , at an altitude of 575 meters. The climate is classified as subtropical, with summer showers and a relatively dry winter (Volpe, 2006) . The growth system used was the hydroponic "nutrient film technique" (NFT), with re-circulation of the nutrient solution. The experiment was carried out in an arch style greenhouse, 51 m long and 12.8 m wide, 3 m high at the sides, and with an air vent at the top. It was covered with a low-density polyethylene film, which was 150 mm thick and coated with an ultraviolet inhibitor. It had no lateral shade screens, but a 30% shade screen placed at the height of its arch was stretched over the culture whenever the air temperature in the greenhouse was above 30ºC.
The experiment was carried out in a randomized block design and a 4 × 3 factorial design, with four replicates, each parcel consisting of 40 plants (0.48 m ) and three cultivars of rocket salad (Cultivada, Folha Larga and Selvática).
The nutrient solution was based on Furlani et al. (1999) . Table 1 shows the concentrations for macronutrients and fertilizers used in each treatment. Ten % of total N in the solutions corresponded to ammonium. The concentrations of micronutrients used were 0.3; 0.02; 0.4; 0.06; 0.11 and 2 mg L -1 , respectively of B, Cu, Mn, Mo, Zn and Fe. EDDHMA was used as a chelating agent for iron.
Sowing was made using phenolic foam of 2 × 2 × 2 cm, which had been previously left in the sun and washed in running water, following its Table 1 -Macronutrient concentrations, fertilizer and electrical conductivity in the nutrient solution (NS) in the NFT system. 
Sci. Agric. (Piracicaba, Braz.), v.65, n.6, p.652-658, November/December 2008 manufacturer's recommendation. Each cell received three seeds, which were planted 0.5 cm deep into the foam. The phenolic foam sheets were placed in the greenhouse and watered four times a day so that they were kept wet at all times. On day five after the sowing (DAS), plants were thinned to only one per cell. Thereafter seedlings were transplanted to the hydroponic channels, 5 × 5 cm apart. At this growth phase the nutrient solution with the lowest nitrogen concentration (60.8 mg L -1 ) was used. When seedlings had four definite leaves, (25 DAS) they were transplanted to their final cultivation channels. These channels had a 3% gradient for the solution to return to the tank; they were made of PVC tubes, 5 m long and with a diameter of 10 cm, cut lengthwise and closed with expanded polystyrene, being 15 cm apart from center to center. The plants were planted 15 × 8 cm apart.
The nutrient solution reservoir tanks were made of plastic containers of 40 liters, with lids. Their nutrient solution was intermittently aerated during the day by small compressors (60 Hz and 6 W) with capacity for 4.5 L min -1 , and pumped (pumps of 60 Hz and 32 W) with a 0.8 L min -1 flow rate per channel. The electrical conductivity was kept between 95 and 105% of the initial one by adding stock solution (Table 1) , which was two-part concentrated with regard to its respective initial nutrient solution (N 1 to N 4 ). The pH was kept between 5.5 and 6.5 with addition of sulfuric acid (H 2 SO 4 6 N). The nutrient solution was applied 10 minutes at 20-minute intervals from 6h00 to 10h00 am and from 4h00 to 7h00 pm. From 10h00 am to 4h00 pm it was supplied for 10 minutes at 10-minute intervals. During the night it was supplied for 10 minutes only once, at midnight.
Average maximum and minimum temperatures of 35.4 and 16.3ºC, respectively, and average maximum and minimum relative humidity of 93.0 and 27.6%, respectively were recorded during the experiment. The data was obtained from a weather shelter located one meter above the ground at the center of the experimental area.
The plants were harvested on 10/29/2003, on day 26 after their final transplant. Data relating to stature and number of leaves was obtained one day before, without removing the plants from their cultivation channels. The characteristics evaluated were: Stature of plants (STA): the height of the largest, nonstretched leaf was measured starting at the cover (polystirene) of the cultivation channel, their cuttingpoint for sale, in ten plants chosen at random in each portion; Number of leaves (NL): for nonsenescent leaves, only; Fresh leaf fitomass (LFF) and root fitomass (RFF): between 6 and 7h00 a.m., five rocket plants from each parcel were chosen at random and cut three centimeters from their colon, and their roots separated from their leaves. They were immediately weighed on a digital scale. Leaf dry fitomass (LDF) and root dry fitomass (RDF): the leaves and roots of those five plants selected for evaluation of their fresh fitomass were washed with deionized water, placed in paper bags and dried in a drying chamber with forced air flow, at 65ºC, for 96 hours. They were then weighed, and their values expressed in g per plant; Leaf nutrient content: the dried leaves were ground in a Willey-type mill using a fine wire with 20 holes per inch (20 mesh), and the contents of N, P, K, Ca, Mg and S were determined using the methodology described by Bataglia et al. (1983) ; Leaf nitrate content: the nitrate content was determined in leaves collected at 8h00 am. A newly matured leaf was collected from about four to six plants, wrapped in aluminum foil and promptly stored in liquid nitrogen. The samples were lyophilized and ground. The extract was obtained by moistening 100 mg of the sample with 100 mL of ethyl alcohol, adding 2 mL of water at 70ºC, subjecting it to vacuum of 6 mm Hg for a minute, with the mixture being kept in water bath for 20 minutes and centrifuged afterwards at 1800xg. The nitrate content was determined using the methodology described by Cataldo et al. (1975) .
Statistical analysis was performed through analysis of variance (test F at the 5% level of probability) following Banzatto & Kronka (1995) . The Origin ® program was also used to perform regressions at the 10% level of probability.
RESULTS AND DISCUSSION
NL, STA, RDF and LFF were not affected (p > 0.05) by the nitrogen concentration in the nutrient solution. Nitrogen concentration in the nutrient solution had a positive effect (p < 0.05) on LDF (Table  2) . Nonetheless, STA, RDF, LFF and LDF were adjusted to the polynomial equations (p < 0.05) ( Figures  1a, 1b, 1c, 1d ). Similar responses were observed for LFF and LDF in relation to the increase in the N concentration in the nutrient solution. They both showed an increment when N was higher than 60 mg L -1 , with their lowest amounts being obtained at the highest N concentration, that is, 243.5 mg L -1
. Maximum LFF (15.8 g per plant) and LDF (1.63 g per plant) were calculated with an N estimative of 93 and 114 mg L -1 , respectively, in the nutrient solution.
In relation to cultivar, Cultivada was superior to the other two cultivars for all characteristics, not differing from 'Folha Larga' in the number of leaves per plant, RDF or RFF (Table 3) . Cv. Selvática did not perform well, its yield corresponding, on average, to 20% of those observed for the other two cultivars. This may be attributed to the fact that this cultivar did not adapt well to the climate of Jaboticabal, where the mean maximum temperature was 35.4ºC. In response to these high temperatures, cv. Selvática plants flowered prematurely, thus stopping their growth (STA, NL and accumulation of LDF and RDF). Though premature flowering was not observed in Cultivada and Folha Larga, the high temperatures may account for the fact that these two cultivars did not grow as well as expected. Santamaria et al. (2001) have verified that the rise in temperature from 10ºC to 20ºC results in a reduction in the rocket dry matter accumulation.
Cultivada and Folha Larga plants grew to a height of 16.6 cm, which is below the Brazilian market standard ranging from 18 to 22 cm (Trani et al., 1994) ; height, in combination with visual aspect for rocket, are the characteristics which appeal to the vegetable consumer in Brazil . Small size of the plants contributed negatively to rocket salad yield. Cultivada, Folha Larga and Selvática yielded 1,815.6; 1,317.2 and 311.5 g m -2
, respectively, which may be considered low. Trani et al. (1994) With respect to leaf macronutrient contents, only nitrogen, calcium and magnesium were (p < 0.05) affected by N concentration in the nutrient solution. The cultivar factor affected the contents of N, P, K, and S (p < 0.05). Sulfur was affected (p < 0.05) by the interaction between the N concentration and cultivar factors (Table 2) . Although their contents were not affected (p > 0.05) by N concentration, phosphorous and potassium were adjusted to the polynomial equations, (p < 0.1).
Increases in the N concentration in the nutrient solution up to 205 mg L -1 caused an increase in the leaf N content (Figure 2a) . Increases of N content in the order of a 240% in the amount of N available in the nutrient solution (from 60 to 205 mg L -1 ) may be considered normal. Nevertheless, the corresponding increment in the leaf dry mass did not occur, which was reduced (Figure 1d ) in spite of an increase in the N content in the LDF (Figure 2a) .
The response of leaf calcium content to the increase in the nitrogen availability observed in this Table 3 -Number of leaves (NL), plant stature (STA), root dry fitomass (RDF), root fresh fitomass (RFF), leaves dry fitomass (LDF) and leaves fresh fitomass (LFF), in rocket salad cultivars evaluated in the NFT system.
Means followed by the same letter within columns are not different (Tukey test, p < 0.05). study (Figure 2b ), was also reported by Purquerio (2005) for cultivars Folha Larga and Cultivada. This author observed a linear increase for calcium content from 18.9 to 24.6 g kg -1 in response to higher amounts of N, from 0 to 240 kg ha -1 . Contents of Mg and K in the plant were reduced with the increase of N in the nutrient solution (Figures 2c, 2d ). K contents were higher than those of N in rocket salad dry mass up to N concentration of 165.5 mg L -1 ; when the reverse occurred. The theory of a K and Mg dilution effect with the increase in N in the nutrient solution does not seem to be well grounded since the aerial part dry mass of the rocket salad did not show any increment at N concentrations higher than 114 mg L -1 in the nutrient solution. The S content in the rocket salad tissue was reduced in cultivars Cultivada and Folha Larga with the increase in N in the nutrient solution (Figure 2e ). This probably occurred as a consequence of the lower concentration of sulfur in the solutions with higher concentrations of N. This result may also have been favored by the ionic competition between SO 4 2-and NO 3 -, which may also have helped the increase in phosphorus contents (Figure 3f ) which is absorbed as PO 4 2-. The N:K ratio in the nutrient solution providing maximum stature of plants and root dry fitomass was 0.33:1, that is, 60 mg L -1 of N. For leaf dry mass and leaf fresh mass, these ratios were very close -0.62:1 and 0.51:1, respectively. Therefore, the N:K ratios found for LFF when compared to those obtained by other authors and for other crops, accentuate the empiricism used for recommending nutrient solutions without any distinction between leafy species since they are below those reported by Castellane & Araújo (1994) for lettuce (0.66:1), and by Coelho (2002) for four cultivars of wild chicory (0.68:1 to 0.92:1).
Cultivada had the highest contents of N, K and S in the aerial part dry matter, and did not differ from Folha Larga in its P content. The cultivars showed no difference in their Ca and Mg contents (Table 4 ). The poor adaptation of Selvática to the climate of Jaboticabal indicated by its low yield was not observed for its nutrient contents, being inferior to Folha Larga only in relation to phosphorus. It did not differ, though, from the other cultivars in regard to the other nutrients (Table 4) .
The effect of the concentration of nitrogen in the nutrient solution and of the cultivars on the leaf nitrate content was significant (p < 0.01), whereas no effect of the interaction of the factors was observed (p < 0.05). An increment in the leaf nitrate content of the rocket salad cultivars was observed with the increase in the concentration of nitrogen in the nutrient solution (Figure 3) . These results agree with those reported by Maynard et al. (1976); Graifenberg et al. (1993); Faquin et al. (1994) , who stated that the nitrate content in the plant is largely dependent on its availability in the cultivation medium. Table 4 -Contents of N, P, K, Ca, Mg and S in leaves dry fitomass of rocket salad cultivars evaluated in the NFT system.
Means followed by the same letter within columns are not different (Tukey test, p < 0.05).
of fresh fitomass, respectively. The intraspecific difference for the accumulation of nitrate has also been observed in species of spinach (Spinacia oleracea), lettuce (Lactuca sativa), wild chicory (Cichorium intybus) and others, as reported by Graifenberg et al. (1993) ; Pilau et al. (2000) ; Cavarianni et al. (2005) .
With regard to the effect of N concentration on nitrate content, rocket plants with 243.5 mg N L -1 showed the highest nitrate content (2409.93 mg kg -1 of fresh fitomass) (Figure 3) . The adjustment to a linear equation for nitrate content when the amount of N in the nutritive solution was increased, may be explained by higher absorption of N by the plant (Figure 2a) without the corresponding increment in dry fitomass (Figure 1d ), thus contributing to the establishment of a luxury consumption of this nutrient in the plant. In the case of rocket, this excess of N reduced the quality of the vegetable as a result of the substantial increase in the leaf nitrate content, which poses a health risk for the consumer. On the other hand, the use of 93 mg L -1 of N in the nutrient solution, which produced the highest fresh fitomass rated for the leaves (Figure 1b) , reduces leaf nitrate content to 598.44 mg NO 3 -kg -1 of fresh matter mass (Figure 3) , about 75% less nitrate than that obtained at the highest concentration of N in the nutrient solution.
CONCLUSIONS
Increase in the nitrogen concentration in the nutrient solution affected the macronutrient contents in different ways. Cultivar Cultiva produced the best results for the evaluated characteristics, being considered the most appropriate to the home market of Jaboticabal. Increase in the nitrogen concentration in the nutrient solution, however, accounted for the reduction in the quality of the product.
